T was 63.1 mol%. 16S rRNA gene sequence comparisons indicated that the isolate represented a member of the family Chromatiaceae. 16S rRNA gene sequence analysis indicated that strain AK35
T is phylogenetically distinctly positioned outside the groups of most members of the genus Thiorhodococcus, clustered with members of the genera Marichromatium and Phaeochromatium, but was most closely related to Thiorhodococcus bheemlicus with a pairwise sequence similarity of 98.75 %. Based on DNA-DNA hybridization between strain AK35 T and Thiorhodococcus bheemlicus MTCC 8120 T a relatedness of 39.46 % was established. Distinct morphological, physiological and genotypic differences from these previously described taxa supported the classification of the new isolate as a representative of a novel species in a new genus, for which the name Imhoffiella purpurea gen. nov., sp. nov. is proposed. The type strain of Imhoffiella purpurea is AK35 T (=JCM 18851 T =KCTC 15575 T =MTCC 12304 T ). In addition, Thiorhodococcus bheemlicus is recognized as another species of this genus and transferred to Imhoffiella bheemlica comb. nov.
The purple sulfur bacteria (PSB) are one of the groups of anoxygenic phototrophic bacteria. They belong to the class Gammaproteobacteria capable of photosynthesis without using water as a reducing agent and without liberating oxygen. As an alternative, PSB use hydrogen sulfide, which is oxidized to sulfur granules inside or outside the cells and further oxidized to sulfate. PSB grow anaerobically or microaerobically and are mainly found in illuminated anoxic, stagnant aquatic habitats where hydrogen sulfide accumulates. PSB belong to two families, Chromatiaceae and Ectothiorhodospiraceae, which are differentiated by the position of sulfur granules, internal in Chromatiaceae and external in Ectothiorhodospiraceae, and also by the structure of their internal membranes. Marine habitats provide a wide range of environments for PSB diversity. Several novel species of PSB belonging to the genera Allochromatium, Halochromatium, Isochromatium, Lamprobacter, Marichromatium, Phaeobacterium, Rhabdochromatium, Thioalkalicoccus, Thiococcus, Thioflavicoccus, Thiohalocapsa, Thiophaeococcus, Thiorhodococcus, Thiorhodospira and Thiorhodovibrio have been isolated from diverse marine habitats such as aquaculture ponds, estuarine waters, man-made and natural lagoons, marine sulfur springs, mangroves, marine tidal waters, salt marshes and solar salterns [1] [2] [3] [4] [5] [6] [7] . The genus Thiorhodococcus comprises five valid species names, Thiorhodococcus minor [8] (originally described as Thiorhodococcus minus; [9] ), Thiorhodococcus mannitoliphagus [10] , Thiorhodococcus bheemlicus, Thiorhodococcus kakinadensis [11] and Thiorhodococcus modestalkaliphilus [12] , which were isolated from an anoxic sediment of a fishpond (manmade coastal lagoon), a microbial mat of an estuary, a marine aquaculture pond, marine tidal waters from a fishing harbor and Chilika Lagoon (Odisha, India), respectively. The type species of the genus is Thiorhodococcus minor. During the course of bacterial diversity studies of marine samples, a bacterial strain, AK35 T , was isolated from a tidal water sample collected near Visakhapatnam, Andhra Pradesh, India. Phylogenetic analysis based on the 16S rRNA gene sequence revealed that strain AK35
T was closely related to Thiorhodococcus bheemlicus and distantly related to the other members of the genus Thiorhodococcus of the family Chromatiaceae. In this study, a polyphasic approach, including genotypic, phenotypic and chemotaxonomic characterizations, was used to determine the taxonomic position of strain AK35
T .
Strain AK35
T was isolated from a tidal water sample collected from Rama Krishna beach (GPS: 17 42¢ 37.09 † N 83 19¢ 04.56 † E), Visakhapatnam, Andhra Pradesh, India. The temperature and pH of the water sample were 30 C and 8.3, respectively. The anoxygenic phototrophic bacterium AK35
T was isolated using photolithoheterotrophic enrichments of the water sample, and subsequent purification was performed as previously described [1, 2] in modified Pfennig medium [13] supplemented with NaCl (2 %, w/ v), pyruvate (0.3 %, w/v), sodium thiosulfate (2 mM) and ammonium chloride (0.12 %, w/v). Modified Pfennig medium was used throughout the study unless mentioned otherwise. Preservation was done at À80 C in modified Pfennig broth with 20 % (v/v) glycerol.
Colony morphology was studied after 72 h of growth on modified Pfennig medium at 30 C under 2000 lux illumination, anaerobically. The isolated pure colony was checked for cell morphology and motility by using phase contrast microscopy (Olympus) at Â1000 magnification and also by transmission electron microscopy (Jeol JEM 2100) at an operating voltage of 200 kV. The Gram reaction was determined by using the Gram staining kit from HiMedia as described by the manufacturer. Motility was assessed under light microscopy using the hanging drop method.
Physiological and biochemical characteristics were determined as previously described [1, 2, 14] . In vivo absorption spectra were measured with a Spectronic Genesys 2 spectrophotometer in sucrose solution [15] . Absorption spectra of pigments extracted with acetone were also recorded. The carotenoid composition was analysed by using C 18 -HPLC [16] .
T was grown on modified Pfennig medium with 2 % (w/v) NaCl at 30 C under 2000 lux illumination, anaerobically for 3 days to prepare fatty acid methyl esters (classical method) and were analysed using the Sherlock Microbial Identification System (MIDI-6890 with database TSBA50) by the protocol described by the manufacturer. At the time of harvesting, the cells were at the logarithmic phase of growth. Freeze-dried cells were extracted for polar lipid analysis [17] and analysed by two-dimensional TLC followed by spraying with appropriate detection reagents (5 % ethanolic molybdatophosphoric acid, molybdenum blue, ninhydrin and Molisch reagents) [18] .
Genomic DNA was isolated by using the procedure of Marmur [19] and the G+C content was determined from melting point (T m ) curves [20] obtained by using a Lambda 35 (Perkin Elmer) spectrophotometer equipped with Templab 2.0 software package.
For 16S rRNA gene sequencing, DNA was prepared using a bacterial DNA isolation kit (Qiagen). The 16S rRNA gene was amplified by PCR using universal bacterial primers 27f (5¢-AGAGTTTGATCCTGGCTCAG-3¢) and 1492r (5¢-TACGGYTACCTTGTTACGACT T-3¢). The PCR product was purified using the QIA quick PCR purification kit (Qiagen) and sequenced using an ABI PRISM model 3700 automatic DNA sequencer and Big Dye Terminator cycle sequencing kit (Applied Biosystems). The 16S rRNA gene sequence of strain AK35
T was subjected to BLAST sequence similarity searches [21] via the EzTaxon-e server [22] to identify the nearest taxa. Based on BLAST results, all 16S rRNA gene sequences of type strains of the genera Marichromatium and Thiorhodococcus as well as type species of other phototrophic genera belonging to the family Chromatiaceae were downloaded from the NCBI database (www. ncbi.nlm.nih.gov) and aligned using the CLUSTAL W program in MEGA5 [23] . The evolutionary history was inferred by using the maximum-likelihood method [24] , neighbourjoining method [25] and maximum-parsimony method [26] using the MEGA5 package [23] . The tree was drawn to scale, with branch lengths measured in the number of substitutions per site. All positions containing gaps and missing data were eliminated. There was a total of 1247 positions in the final dataset. Evolutionary analyses were conducted in MEGA5 [23] . The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) is shown next to the branches [27] . DNA-DNA hybridization was performed by the membrane filter method [28] as described previously [29] .
Cells of strain AK35
T were Gram-stain-negative, coccoidshaped, non-sporulating, motile with a single flagellum and 1.7-2.0 µm in diameter ( were not detected. Salt (NaCl) was not required for growth, but was tolerated up to 4 % (w/v, NaCl), the optimal NaCl concentration being 1-2 % (w/v). The pH range for growth of strain AK35 T was 7.0-8.5 with optimal growth at 7.5-8.0. The temperature range for growth was [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] C and the optimal temperature was 30 C. Growth factors were not required. The colour of photosynthetically grown cell suspensions was purple. The whole-cell absorption spectrum of strain AK35
T in sucrose solution showed maxima at 400, 500, 536, 594, 800 and 864 nm, confirming the presence of bacteriochlorophyll a and carotenoids (Fig. S1a , available in the online Supplementary Material). The absorption spectrum of acetoneextracted pigments showed maxima at 446, 474 and 502 nm, indicating the presence of carotenoids (Fig. S1b) . The carotenoid composition of strain AK35 T , as determined by using C 18 -HPLC analysis, was rhodopinal (75 %), rhodopin (15 %), lycopene (8 %), dihydroxylycopene (1 %) and dihydroxylycopene-glucoside (1 %). They were identified based on absorption spectra in the C 18 -HPLC eluent of methanol, and the retention times on the C 18 -HPLC machine [16] . Major carotenoids were purified and their relative molecular masses were analysed. Other physiological characteristics are given in the species description and in Tables 1 and 2. The cellular fatty acid composition of strain AK35
T showed a profile of eight fatty acids including (Fig. 2a) . The DNA base composition of strain AK35
T was 63.1 mol% G+C (T m ).
The compositions of polar lipids and carotenoids of Thiorhodococcus bheemlicus MTCC 8120 T were very similar to those of strain AK35
T . Polar lipids were diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, one unidentified aminophospholipid and three unidentified lipids (Fig. 2b) , and carotenoids were rhodopinal (74 %), rhodopin (18 %), lycopene (6 %), dihydroxylycopene-glucoside (2 %) and dihydroxylycopene (trace).
For phylogenetic assessment of strain AK35 T , the 16S rRNA gene sequence (1465 bp) was amplified and sequenced. The sequence was compared with the database of type strains with validly published prokaryotic names (available online at http://eztaxon-e.ezbiocloud.net/ [22] ), which revealed its closeness to Thiorhodococcus bheemlicus with a pairwise sequence similarity of 98.75 %. Sequence similarities to other members of the genus Thiorhodococcus, including the type species Thiorhodococcus minor, were between 95.77 and 96.56 %. In the phylogenetic trees based on the neighbour-joining method (Fig. 3) and on the maximumlikelihood method (Fig. S2 ) strain AK35
T was associated with members of the genera Marichromatium and Phaeochromatium (Fig. 3) . In all phylogenetic trees based on 16S rRNA gene sequences, strain AK35
T clustered closely together with Thiorhodococcus bheemlicus (Figs S2 and S3 ).
As Thiorhodococcus bheemlicus MTCC 8120
T is phylogenetically closely related to strain AK35 T , their relationship by DNA-DNA hybridization was determined and phenotypic differences between the two strains were evaluated; a comparison of different phenotypic characteristics is presented in Table 1 . Strain AK35
T differed from Thiorhodococcus bheemlicus MTCC 8120 T for instance with respect to cell size, the colour of cell suspension, NaCl growth range and optimum, temperature growth optimum, pH growth range and optimum, sulfate assimilation, carbon substrate utilization, polar lipid content and DNA G+C content ( Table 1) . The mean relatedness of strain AK35
T to Thiorhodococcus bheemlicus MTCC 8120
T by DNA-DNA hybridization was 39.46 %, determined from three experimental values with a standard deviation of 3.81 %.
Based on the phylogenetic analysis a comparison was made between the characteristics of strains AK35 T , Thiorhodococcus bheemlicus MTCC 8120
T and all the genera of the family Chromatiaceae, namely Allochromatium, Halochromatium, Isochromatium, Lamprocystis, Marichromatium, Nitrosococcus, Phaeobacterium, Phaeochromatium, Rhabdochromatium, Rheinheimera, Thermochromatium, Thioalkalicoccus, Thiobaca, Thiocapsa, Thiococcus, Thiocystis, Thiodictyon, Thioflavicoccus, Thiohalocapsa, Thiolamprovum, Thiopedia, Thiophaeococcus, Thiorhodococcus, Thiorhodovibrio and Thiospirillum (Table 2 ) and a number of differences were observed. Strains AK35
T and Thiorhodococcus bheemlicus MTCC 8120
T differed from most members of the genus Thiorhodococcus, including the type species Thiorhodococcus minor. Thus, the cumulative differences that strains AK35
T and MTCC 8120 T exhibited with the type strains of the above genera unambiguously supported the creation of a new genus, Imhoffiella gen. nov., and a new type species of this genus, for which the name Imhoffiella purpurea sp. nov. is proposed, and the reclassification of Imhoffiella purpurea (pur.pu¢re.a. L. fem. adj. purpurea purple).
Cells are coccoid-shaped, 1.7-2.0 µm in diameter, motile, divide by binary fission and purple-pigmented. Colonies grown for 3 days at 30 C on modified Pfennig medium are circular, 1.5-2.0 mm in diameter, circular-oval, smooth, purple, opaque and raised with an entire margin. The in vivo absorption spectrum of intact cells in sucrose exhibits maxima at 400, 500, 536, 594, 800 and 864 nm. The absorption spectrum in acetone-extracted pigments gives absorption The description is the same as that for Thiorhodococcus bheemlicus [11] with the following modifications. The major fatty acids are C 16 : 0 , C 18 : 1 !7c, C 18 : 1 !9c and summed feature 3. The polar lipids consist of diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, one unidentified aminolipid and three unidentified lipids. The major carotenoid is rhodopinal.
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